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Abstract 

____________________________________________________________________________________________________ 
 
Background and objective: Microcrystalline cellulose (MCC) is a multifunctional 
polymer frequently used in the biomedical, food, and chemical industries. Raphia 
Farinifera Inflorescence (RFi), used to make palm wine in many parts of Africa, is 
frequently discarded as waste. The current study examines the extraction and 
characterization of pharmaceutical-grade MCC from RFi (RFi-MCC).  
Method: Extraction was achieved by first defatting before sequentially treating 

RFi with alkali, dilute sulfuric acid (acid hydrolysis), and bleaching (H2O2).The 
RFi-MCC powder properties such as the True density, tapped density, bulk density, 
angle of repose and hydration capacity were observed.  
Results: Microcrystalline cellulose showed distinctive peaks in the Fourier 
transform infrared spectroscopy (FT-IR). The scanning electron microscopy with 
Energy disperse spectroscopy (SEM/EDS) showed the variation in the elements, 
morphology of the fibers and the formation of RFi-MCC of approximately 100 µm. 
According to a thermogravimetric, BET and X-ray diffraction study, RFi-MCC 

degrades at 286°C, surface area of 1797.39 m2/g and 336°, and exhibit crystallinity 
index of 0.67% respectively.  
Conclusions: The findings show that the RFi fibers would be a valuable source of 
microcrystalline cellulose for utilization in the pharmaceutical, papermaking, and 
binder industries due to their powder characteristics, compressibility, and excellent 
swelling. 
Keywords: biodegradable resources, biowaste utilization, microcrystalline 
cellulose, pharmaceutical grade cellulose, Raphia Farinifera Inflorescence. 

 

 

INTRODUCTION 
 

In order to meet the need for food crops, the current 

growth in the world's population has caused an increase 

in food production1. Agriculture residues are created in 

significant amounts around the world as a result of 

rising agricultural productivity. Yet cellulose, a major 

component that can be separated and employed in the 

creation of new biodegradable materials, is present in 

significant amounts of these wastes, which remain 

underutilized2.Different plants contain cellulose from 

agricultural waste in varying amounts, such as cotton3, 

grass4, wood, banana peels, and rice husk5. 
Organic matter, which includes cellulose, lignin, 

hemicellulose, pectin, and other bound substances 

including water and extractives, makes up the walls of 

plants. Numerous researchers have reported multiple 

techniques that can isolate cellulose, but the soda 

process typically entails delignification with an alkali 

solution, followed by bleaching. These steps impact the 
cellulose crystal structure, aspect ratio, and 

morphology, and it has been reported that these effects 

depend on the particle extraction process, source 

materials, and methodology6,7. The fact that cellulose is 

biodegradable, fibrous in form, and comprises both 

crystalline and amorphous sections is a benefit. When 

lignin is subjected to an alkali treatment, it is 

transformed into black liquor, which aids in 

strengthening and fortifying the plant cell wall. It is 

made up of amorphous areas and various phenolic 

groups. Pentose and hexose sugars make up the 

branching polysaccharide known as hemicellulose8,9. 
Cellulose is the only abundant renewable biopolymer 

that has linear homopolysaccharides and a structure 

that alternates between an amorphous and crystalline 

region with repeating units of β-(1→4) connected D-

glucose on Earth. Because of its accessibility and 

distinctive qualities, such as durability, non-toxicity, 
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and environmental biocompatibility, cellulose has 

recently attracted much study attention. Consequently, 

it is used in various applications, including food, 

pharmaceutical, cosmetic, and reinforcing polymer 

sectors industries10,11,12. 
Development of cellulose modification by mineral 

acids to degrade the bulk of the amorphous region and 

reduce the cellulose fiber to microns yielded 

commercial microcrystalline cellulose (MCC)13. 

Microcrystalline cellulose has been reported as 

purified, hydrolyzed and partly depolymerized 

cellulose prepared by treating α-cellulose pulp obtained 

from fibrous plant materials with excess mineral acid14. 

MCC is an intriguing cellulose derivative commer-

cially made for the food and pharmaceutical industries. 

MCC is mainly used as a filler binder for indirect tablet 

compression since it is a diluent with high binding 
capabilities. It is an excellent dry binder at low 

concentrations. Other substances, especially active 

medicinal compounds that are difficult to tablet, can be 

effectively bound by MCC15,16. Recently several 

agricultural residuals have been employed in the 

preparation of pharmaceutical-grade MCC. However, 

these plant materials’ chemical composition, choice of 

drying, solvents and structural organization may affect 

the composition of the α-cellulose extract and, 

subsequently, the crystallinity of the MCC produced17. 

Microcrystalline cellulose is considered the new 
environmentally friendly and sustainable option for 

adsorption of materials like persistent chemicals, dyes 

and metals. MCC isolated from RFi fiber can also be a 

filler material in the building industry, where it can 

enhance structural properties such as tensile strength, 

shear strength, and bearing capacity. However, 

chemical crosslinking and functionalization of the 

fibers could expand its applications. This would make 

RFi cellulose an intriguing possibility for the covalent 

immobilization of high molecular weight nitrogenous 

substances such as polypeptides like antibodies, 

gelatin, enzymes, collagen, and chitosan. 
This research aimed to isolate and analyze 

pharmaceutical grade cellulose from waste residuals of 

R. farinifera inflorescence. The percentage structure, 

yield, and surface morphology of the fibers were 

investigated to determine the physical characteristics of 

the fibers. The several functional groups in the 

synthesized RFi-MCC powder were identified using 

FT-IR, TGA to determine the thermal energy of RFi-

powder, SEM/EDS for morphology properties and 

chemical makeup RFi-MCC, respectively. Among 

other techniques, an XRD was utilized to determine the 
microstructure of RFi-MCC18. 

 

MATERIALS AND METHODS 

 

Sample preparation 

R. farinifera inflorescence (RFi) was collected at Mbu-

Amon in Isi-Uzo Local Government Area, Enugu 

State, Nigeria and was identified in the Applied 

Biology Department, Enugu State University (ESUT), 

Enugu. RFi was washed with deionized water, sun-

dried for two weeks, and chopped in a cutter to have 
the proper size material for pulverization. The sun-

dried chopped RFi was pulverized and sieved to 

different particle sizes that range between 0.092 - 1.500 

mm to increase the surface area and enhance further 

treatment. The Enugu State University research lab 

provided all the chemicals for pulping and bleaching. 

Pretreatment of RFi waste 

Dewaxing 

The method employed by Agboeze et al., was used 

with a few modifications19. A total of 100 g of 

pulverized RFi was placed in the Soxhlet apparatus 

with boiling chips (7) in a flat-bottom flask. A mixture 

of toluene and ethanol in a ratio of 2:1 was added to the 

flask by measuring 250 ml of toluene and 125 ml of 

ethanol to remove chlorophyll pigments and waxes. 

The flask was subsequently placed on the heating 

mantle. The Soxhlet apparatus was assembled by 

attaching rubber hoses to the water outlet, condenser, 
and sink to supply cooling water to the system. The 

toluene ethanol mixture was heated to the boiling point 

before being adjusted to a steady boil eight times. The 

cooling water flow was adjusted frequently to provide 

high cooling conditions. After ~6 hours, the heating 

mantle was switched off and unplugged. Cooling water 

running was left for ~20 minutes until the apparatus 

had cooled down to minimize evaporation. After 

retrieving the boiling chips, the filtrate (toluene-ethanol 

mixture) was disposed of in the trash separately after 

drying. The residue (dewaxed RFi) was dried at room 
temperature, weighed afterward, and packed in a sealed 

plastic bag for further analysis. 

Isolation of α- cellulose by pulping/delignification 

The method employed by Agboeze et al.,19 was 

adopted with modification. A total of 300 g of the dried 

dewaxed RFi was placed in a stainless-steel container 

to which 4.0 L of 3.5 percent w/v nitric acid and 0.1 

percent sodium sulfite was added. For two hours, the 

mixture was allowed to digest. At 90 °C in a water bath 

(FGL 1083 Karl Kolb Scientific), remove lignin in 

soluble nitro-lignins, followed by thorough washing 

with water. It was treated with 4.0 L of 17.5 percent 
w/v sodium hydroxide at 80°C for one hour before 

discarded. The produced cellulose was properly 

cleaned with distilled water before being used. 

Bleaching 
After whitening with a 1:3 aqueous dilution of 

hydrogen peroxide for 60 minutes at 80 degrees 

Celsius and 1:1 for 24 hours, the extraction procedure 

was completed by washing with water until neutral. For 

the remaining samples, the procedure was repeated. 

The cellulose fiber material was filtered manually with 

a calico towel to create lumps, then dried in a hot air 
oven at 58°C for one hour. 

Preparation of microcrystalline cellulose (RFi –

MCC) 

The method of Ohwoavworhua was used20. About 40 g 

of the resulting alpha Cellulose pulp was hydrolyzed in 

a pyrex beaker using 1.2 L 2.5 mol/dm3 hydrochloric 

acid at 100ºC for 15 mins. The hot mixture was 

transferred into cold tap water and stirred vigorously 

using a spatula, and the mixture was left to stand 

overnight. The MCC obtained was washed thoroughly 

until neutral and dried at 50ºC for 60 mins followed by 
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further milling, and the portion passing through a 0.7 

mm sieve was stored in an airtight container21.  

Characterization of RFi-MCC 
The physicochemical parameters and powder qualities 

of MCC obtained from the RFi sample were analyzed 
using standard techniques, as described below: 

Organoleptic characteristics analysis 

The organoleptic characteristics (color, aroma, and 

taste qualities), identity, solubility, pH, and properties 

of modified and unmodified cellulose produced from 

an RFi sample were determined using British 

Pharmacopoeia 2004 requirements22. 

Identification 

Garba, Lawan, Zhou, Zhang, Wang and Ohwoav-

worhua, and Adelakun23,24 developed a standard test 

method to determine cellulose, which was used in this 

study. A 2 g portion of the RFi-C sample was subjected 
to an iodinated zinc chloride solution for 15 minutes. 

The violet-blue coloration of the powder indicates that 

it is microcrystalline cellulose. 

Solubility 

Tests were carried out on the solubility of the sample in 

a variety of organic solvents, including water, dilute 

sodium hydroxide, alcohol, dilute HCl, and diethyl 

ether. 

pH 

RFi-C pH was determined by mixing 1 g of powder 

with 50 cm3 distilled water for 5 minutes, and the pH 
of the supernatant was analyzed using a pH meter to 

obtain the final pH of the mixture. 

Fourier-transform Infrared (FTIR) Spectroscopy 

analysis 

To investigate the functional groups contained in the 

modified and unmodified RFi samples, a Fourier 

transform infrared spectrophotometer [Buck 530IR] 

from England was used. The transmittance approach 

was employed in this investigation. The Fourier-

transform infrared spectrum of the RFi-C sample was 

captured on the KBr disc using a Fourier-transform 

technique. The sample was scanned between 4550 and 
650 cm-1 at a resolution of 8 cm-1 with a scanning range 

of 4550 to 650 cm-1. 

X-ray Diffraction (XRD) 

The XRD patterns were obtained using advanced 

equipment such as a Bruker D8 (X-ray diffractometer) 

with Cu K radiation, variable divergence and anti-

scatter slits (illuminated length=10 mm), and a post-

diffraction monochromator after the samples were 

dried. Data were taken from 10 to either 75 or 90 

degrees Celsius, 2θ at intervals of 0.2 seconds at 25 

degrees Celsius. Following the "Segal method"25,26, the 
crystallinity index (CrI) was computed by dividing the 

height ratio between the intensity of the crystalline 

peak (I200–Iam) and the total intensity (I200) after 

subtracting the background signal. Topas (v4.2, Bruker 

AXS) was used to perform nonlinear least-squares 

fitting of the data, with the crystalline component 

estimated from the cellulose I structure given by the 

American Chemical Society27,28. For the crystalline and 

amorphous cellulose peaks, pseudo-Voigt line forms 

were utilized to represent them. For the backdrop and 

the degree of crystallinity obtained from the formula, a 

three-parameter 2nd order polynomial function was 

utilized. 

 

 
Where K is the shape factor and Scherrer's constant = 

0.89,   I200 represent the greatest intensity of the (200) 

lattice diffraction peak at a 2θ angle between 22° and 

23°, and Iam represents the minimum intensity of an 

amorphous area at a 2θ angle between 18° and 19°. The 

full width at half the height of the peak is denoted by β, 

while the radiation wavelength is denoted by λ24,29. 

Scanning electron microscopy equipped with 

Energy-dispersive X-ray spectroscopy (SEM/EDX) 

A scanning electron microscope (Phenom Prox) from 

Phenom-World Eindhoven, the Netherlands, which was 
used to examine the surface morphology of modified 

and unmodified RFi cellulose powder. The 

microscope's resolution was 50 m (at a magnification 

of 1600x), and the depth resolution was approximately 

0.5 mm. A high vacuum on the order of 102–103 Pa 

was used in conjunction with a high accelerating 

voltage of 15 kV to get measurements of the RFi. The 

dry method of preparation was utilized to pretreat the 

sample before usage.  

Powder properties characterization 

True density 

 The real density, Dt, of treated and untreated RFi-
MCC powder was calculated using the liquid 

displacement method for both samples according to 

ASTM D standards. The immersion fluid used in this 

experiment was xylene, and the absolute density of the 

sample was calculated30,31. 

Bulk density 

A total of 15 g of treated and untreated RFi-MCC 

powder was placed in a 100 cm3 measuring cylinder, 

and the sample's volume was recorded.   

Tap density  

The volume occupied by 15 g of RFi fiber after 50 taps 
on a laboratory bench with a height of 3.5 cm was 

measured. 

Particle size distribution 
 In the range of 780 µm to 154 µm, test sieves were 

positioned in descending order. About 12.77 g of 

modified and unmodified RFi powder were deposited 

on the uppermost sieve, which was then shaken for 5 

minutes in a JINLING Shaker (China) to quantify the 

weight of the powder retained on each sieve.  

Powder flow properties 

The Hausner index, Carr's index, angle of repose, and 

porosity of RFi-MCC powder are some of the 
properties that influence the flowability of modified 

RFi-MCC powders, respectively. These characteristics 

are discussed in greater detail below. 

Hausner’s ratio 

The Hausner index is a powder characteristic that 

affects the amount of interparticle friction between 

particles. An increase in the Hausner index of more 

than 1.25 indicates good flow, while an increase in the 

Hausner index of less than 1.25 indicates poor flow32. 

The Hausner index could be calculated by dividing the 
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tap density by the bulk density, which was determined 

earlier. 

Carr's index or degree of compressibility 
Carr's index measures a powder's ability to shrink in 

volume over a given period33. It was possible to 
determine Carr's index percentage of RFi powders by 

using the values of bulk and tap densities previously 

obtained % Compressibility was calculated.  

Loss of drying 

A petri dish containing about 10 g of RFi-MCC sample 

powder was dried in a laboratory oven at a persistent 

temperature of 105°C until it reached a consistent 

weight. By dividing the mass of moisture by the weight 

of the sample and quantitatively expressing the result 

as a percentage, the percentage moisture loss may be 

calculated24.  

Moisture sorption capacity 
In a tarred petri dish, 2 grams of RFi MCC sample 

powder was weighed and evenly placed over the 

surface of the container. The petri dish and its contents 

were put in a desiccator with distilled water in its 

reservoir (relative humidity RH=100 percent), kept at 

room temperature throughout the experiment. During 

the five-day experiment, we measured how much 

weight had been gained by the sample and determined 

how much water had been adsorbed based on that 

weight differential35. 

Hydration capacity 
 The Kornblum and Stoopak approach was employed 

in this investigation36. A 1 g quantity of the sample was 

deposited in four centrifuge tubes having a capacity of 

15 mL, and the contents of each tube were made up of 

10 mL of distilled water before being stoppered. The 

contents were shaken for two minutes using a 

JINLING Shaker (China). After that, the contents were 

left to rest for another 10 minutes to settle. The mixture 

was centrifuged at 1000 rpm for 10 minutes, after 

which the supernatant was carefully decanted, and the 

sediment was weighed. The hydration capacity of the 

residue was determined by dividing the weight of the 
silt by the weight of the dry sample. 

 

RESULTS AND DISCUSSION  

 

Multistage pulping was used to delignify the RFi 

waste. This method resulted in a homogenous α-

cellulose pulp from the sample, and this shows that the 

pulping method was effective for the substantial 

removal of lignin. A total of 85.394% yield of α-

cellulose pulp was obtained per 100 g RFi waste. 

Physicochemical properties of RFi-MCC powder 
The organoleptic properties of the RFi-MCC obtained 

were good as the material was granular, odorless, and 

white in colour. The RFi-MCC turned violet-blue on 

reacting with iodinated zinc chloride, identifying the 

powder as cellulose. The pH of the RFi-MCC was 

6.15, which is within the official range of 5 -7.522. The 

results of the physicochemical properties of RFi-MCC 

are shown in Table 1. 

Powder properties characterization 

Non-aggregated fibers can be spotted in RFI-MCC 

SEM micrographs. The dewaxing, pulping, and 
bleaching processes employed to remove wax, lignin, 

holo, and hemicellulose components may account for 

the smoother and non-spherical shape of the fibers 

exhibited in RFi-MCC. The SEM micrographs of the 

RFi-MCC and untreated RFi samples are shown in 

Figure 1 and Figure 2.  
 

Table 1: Physicochemical properties of RFi-MCC. 
Test Result 

Identification with iodinated 
zinc chloride 

Turns violet-blue 
with iodinated ZnCl2 

pH 6.15 
% NDF 33.4 
% NDS 66.6 
Ash insoluble in NDF 5.2 
ADF 65.7 

Ash insoluble in ADF 4.2 
% Cellulose content 61.5 
% Hemicellulose content 0.9 
% Lignin content 33.4 
%Moisture content 9.225 
% Volatile matter 3.935 
% Ash content 1.245 
% Fixed carbon content 85.595 
Iodine value 170.299 

Density (g/cm3) 0.565 

Solubility Test 

Acetone: Water Insoluble 
Acetone slightly soluble 
Dil NaOH (5%)  Slightly soluble 
Distilled water Insoluble 

Dil HCl (5%)  Insoluble 
Ethanol Insoluble 
Methanol: Water partially soluble 
Diethyl ether Insoluble 

 

The EDS images for RFi-MCC and untreated RFi 

waste are shown in Figure 3 and Figure 4, with the 

component concentrations shown in weight 

percentages. The carbon, oxygen, Sulphur, and sodium 

peaks and their binding energies are depicted in Figure 
4. It was mostly composed of carbon (64.5 wt percent) 

and oxygen (30 wt percent), with low amounts of 

minor impurities of Sulphur (3.8 wt percent) and 

sodium (1.7 wt percent). Bleaching and acid hydrolysis 

procedures, in which Na is present in the NaOCl acid 

employed in the bleaching process, are responsible for 

these increases in elemental contaminants. On the other 

hand, sulfur is found in H2SO4 acid, employed in acid 

hydrolysis, and on the untreated RFi. Even though 

dialysis was performed for several hours, Sulphur was 

detected considerably. 

 

Table 2: Powder flow properties of RFI-MCC. 

Parameter  Results 

True density, g/mL 1.216 
Bulk density, g/mL 0.429 
Tap density, g/mL 0.577 
Hausner’s index  1.34 
Carr’s index% 25.75 
Angle of repose 39.80° 
Powder porosity % 64.7 

Loss on drying % 5.89 
Moisture sorption capacity % 
Hydration capacity 

46.81 
2.80 (0.29) 

Value in bracket represent standard deviation with n=3 
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The images were taken at a micrometer scale as it 

shows that it is 10 mm, and the distance between the 

lens and the sample was 8.4 mm. The surface seems 

composed of a not smooth surface due to hemi-

cellulose, lignin, and other waxy components. 
 

Table 3: The scale of flowability. 
Carr’s 

index 

Hausner’s 

index 

Angle of 

repose 

Flow character 

10 1.00-1.11 25-30 Excellent 
11-15 1.12-1.18 31-35 Good 
16-20 1.19-1.25 36-40 Fair 
21-25 1.26-1.34 41-45 Passable 
26-31 1.35-1.45 46-55 Poor 
32-37 1.46-1.59 56-65 Very poor 

>38 >1.60 >66 Very very poor 

 

It also reveals that the architecture is highly robust and 
tough. Figure 4 shows that the fibers were collected 

with a magnification of 8,000x. It was incredibly high 

magnification as the enlargement of the image size is 

1,000 greater. The accelerating voltage is rather high, 

20. KV, thus because the fibers are transformed into 

thin sheets of the polymer due to its different shapes 

and structure. The image is captured at 130 μm, and the 

distance between the lens and the picture is 8.4 mm. 
The image reveals that the surface is smooth because of 

eliminating lignin, hemicellulose, and waxy 

components. 

Scanning electron microscope (SEM) 

Figure 4 show that the fibers were collected with a 

10,000 magnification, which means that the 

amplification of the RFi-MCC fiber appearance was 

bigger by 10,000. The accelerated voltage is 20.0KV 

which is pretty high. This is due to the sample's 

structural qualities and engineering (e.g., insulators, 

minerals). If the sample is a bit too rigid to tolerate a 

higher voltage, the voltage of the sample will be 
sufficient to raise the resolution yield, and it won't 

affect the blurriness of the image.  

                 
    Figure 1: SEM micrographs of RFi-MCC.          Figure 2: SEM micrographs of untreated RFi. 

                 
          Figure 3: EDX analysis of RFi-MCC.                Figure 4: SEM micrographs of untreated RFi. 

 

The FT-IR spectrum of RFi-MCC showed a 

characteristic spectrum of cellulose, according to37. 

Accordingly, the sample was presented in two main 

regions in the range of 600–1700 cm-1 and 2900–3500 

cm-1. The sample showed a wide band in the region 

between 2900 and 3500cm-1, which specifies different 

intermolecular and intramolecular O-H stretching 

vibrations and OH groups present in the cellulose 

molecules. The spectra of the sample around 2901.990 

cm-1 showed the characteristics of C–H stretching 
vibration. The vibration peak at 1420.1, 1312.0cm-1 is 

assigned to intermolecular C-H symmetric bending 

vibrations. The peak at 894.7cm-1 is due to the 

stretching vibration of the C-H and C-O-C groups. 

According to Huang, an increase in the intensity of this 

peak means a decrease in the crystallinity of the 

cellulose material. Pre-alkalization and alkalization 

steps reduce the hydrogen bonding vibration, reducing 

the hydroxyl groups by the reaction of NaOH.  

X-ray diffractogram Analysis (XRD) 

The XRD of the RFi-MCC, as shown in Figure 5, is 

characteristic of cellulose II with peaks appearing at 

about 12.50, 200, and 220 at 2θ (as a result of 101 and 

002 reflections). The calculated crystallinity index is 

0.66, which is within the range 0.58-0.69 reported by 

for 11 brand-names cellulose.  

Particle Size distribution 
The particle size of Rfi-MCC ranges from about 100-

500 microns, with about 97% of the particle population 

less than 154 µm. It represents a unimodal frequency 

distribution that is negatively skewed.  

Powder flow properties 

Bulk density depends on the particles packing behavior 

which changes as the powder consolidates41. Higher 
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bulk density implies the need for larger amount for 

compressing tablet which is favourable in tableting due 

to reduction in the fill volume or so-called lower 

loading volume. The bulk density recorded 0.429, 

slightly above the USP specification of 0.32 (USP 32 – 
NF27), and the tapped density recorded 0.577. The 

flowability of MCC powder determines its suitability 

as a direct compression binder. 

 

 
Figure 5:  X–ray diffractogram of produced RFi-

MCC. 

 

Powder flowability is measured by the Hausner index, 

Carr’s index, and angle of repose42. The higher the 

values of these parameters, the lower (poorer) the flow 

properties of the powder43. Table 2 shows the flow 

properties of the RFi– MCC powder. Hausner’s index 

shows interparticle friction; a value greater than 1.25 

shows poor flow44. Hausner’s index for the RFI-MCC 

recorded 1.34. 
Carr’s index (compressibility index) shows the ability 

of a material to reduce in volume, and any value less 

than 16% indicates good flow while values above 35% 

show cohesion. RFI –MCC recorded a compressibility 

index of 25.75% while the angle of repose recorded 

39.80oC. The values of both Hausner’s and Carr’s 

indices and angle of repose shows that RFI – MCC 

flowed poorly according to the flowability scale in 

Table 3, but had better flow properties when compared 

with three MCCs obtained in literature examples GH – 

MCC (1.47, 31.72), 45MCC – PP (1.379, 27.33)46, CP – 
MCC (1.65, 39.5) 47 respectively. However, a glidant 

will be required to improve the flowability when using 

RFI–MCC in solid dosage forms formulations. 

The loss on drying of RFI-MCC was 5.89% which is 

below the official limit of 6% (BP, 2004); this low 

value indicates the suitability of RFI-MCC as a diluent 

in the formulation of hydrolysable drugs. 

Moisture sorption capacity measures a material’s 

sensitivity to moisture, and this measurement is 

important because it shows the physical stability of 

tablets made with cellulose when stored under humid 

conditions. However, the moisture sorption capacity 
value for RFI-MCC was 10.8% which is low and is 

indicative that RFI-MCC has a high proportion of 

crystalline cellulose as the amount of water adsorbed 

by cellulose is proportional to the amount of 

amorphous cellulose present. This shows that tablets 

made from RFI-MCC will be stable. As a result, 

cellulose powders should be stored in any containers 

because of their non sensitivity to atmospheric 

moisture. The hydration capacity value of RFI-MCC is 

indicative that it’s capable of absorbing less than two 

times its weight of water. 

Thermogravimetric Results 

The thermal stability of RFi fiber used as a filler or 
reinforcement in polymer composites is of paramount 

importance48,49. By mixing lignocellulosic materials 

with a polymer matrix at around 200 °C, you make 

composites that are strong and durable48,49. High 

temperatures during processing can cause 

lignocellulosic fiber degradation, which can result in 

undesired composite qualities such as odor and 

browning, as well as a reduction in mechanical 

capabilities48,49. The thermogravimetric curves for the 

RFi-MCC and natural RFi fibers studied are presented 

in Figure 6. 

 

 
Figure 6: Thermogravimetric curve RFi-MCC and 

RFi. 
 

All fibers studied lose water at roughly 100 °C, and 

subsequent thermal deterioration occurs in a three-step 

process. In the first phase, the breakdown of 

hemicellulose occurs at around 312.68°C for RFi-MCC 
and 340.53°C for RFi. After that, a second weight loss 

occurs at around 330.91°C and 360.81°C for RFi-MCC 

and RFi respectively, due to the main degradation of 

cellulose. Finally, the slow lignin degradation takes 

place between 84.364°C for RFi-MCC, 88.117°C for 

RFi and 490.67°C for RFi-MCC. According to 

Ramesh, hemicellulose depolymerization happens 

between 180 and 350°C, cellulose glycosidic linkage 

random cleavage occurs between 275 and 350 °C and 

536.36°C, and lignin degradation occurs between 248 

and 500°C50. Hemicellulose's increased thermal 
breakdown activity may be due to its chemical 

structure48,50. Hemicellulose is quickly hydrolyzed and 

has a haphazard amorphous structure. The cellulose 

molecule, on the other hand, is a lengthy polymer of 

repeated glucose units with crystalline sections that 

help lignocellulosic fibers maintain their thermal 

stability48,49. Lignin differs from hemicellulose and 

cellulose in that it is composed of three different types 

of benzene-propane units, is highly cross-linked, and 

has a very high molecular weight. As a result, lignin is 

highly thermally stable and difficult to decompose48,50. 

As can be seen in detail in Figure 6 above, at 
temperatures around 286–336°C, the RFi fibers showed 

a more significant weight loss. This tendency could be 

linked to the Rfi fiber's greatest extractive component, 

which is roughly 14%, as seen in Table 1. Extractives 
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have relatively low molecular mass than cellulose and, 

because of their increased volatility, can promote the 

RFi's ignitability at lower temperatures, speeding up 

the breakdown process. In this way, the degradation of 

one constituent may accelerate the degradation of the 
other RFi constituents. The major three components of 

RFi lignocellulosic fibers exhibit different thermal 

degradation properties depending on the proportion of 

cellulose, hemicellulose, wax, and lignin in each fiber. 

As a result, the chemical contents of fibers respond 

differently depending on whether they are isolated or 

densely mixed within each single cell of the fiber 

structure. The reduced lignin concentration and 

enhanced crystallinity of RFi could explain this 

phenomenon. As can be seen in Figure 6, RFi-MCC 
fibers have greater thermal stability than RFi-natural 

fibers. This could be due to the higher crystallinity 

index of the fibers, which is connected to lower levels 

of bound water and extractives. 

 

 
Figure 7: BET curve RFi-MCC and RFi. 

 

BET analysis 

Significant parameters like pore structure, porosity, 

adsorption site density, and specific surface area 

influence the physiochemical properties of the RFi. As 

a result, N2 adsorption-desorption was employed to 

examine the pore volume, surface area, and diameter in 

both RFi-MCC. The N2 adsorption/desorption 

isotherms of the RFi-MCC were shown in Figure 7. 

The RFi-MC had a step-shape isotherm of Type I, 

wherein a large amount of N2 was adsorbed at low 
pressure (Quantity adsorbed =100 cm3/g), indicating a 

strong interaction between N2 molecules and the 

surface of the fiber51. All textural parameters related 

with RFi-MCC were show on the graph. The value of 

surface area for RFi and RFi-MCC samples were 

188.508m2/g, and 1797.39m2/g, respectively. The 

surface area plays a very good role in the application of 

RF, high surface area means better adsorption52. 

Activation also led in an increment in the overall pore 

volume of the MCC. As a result, the addition of ZnCl2 

resulted in significant improvements in surface area 
and pore volume. This was in conformity with the 

results of a previous study51,52. 

Limitations of the study 

This study is limited to extraction and characterization 

of microcrystalline cellulose from R. Farinifera 

inflourescence. 

 

CONCLUSIONS 

 

The value addition of agricultural waste is necessary 

for producing valuable products or raw materials for 
industrial use, which helps curb landfill menaces. R. 

farinifera inflorescence fibers are rich in cellulose and 

can thus be a good source of raw material for industrial 

applications. The extraction of MCC from R. 

farinifera inflorescence by defatting, alkali treatment, 

and bleaching processes was observed in the 

characterization analysis. Alkali treatment and 

bleaching with hydrogen peroxide reduced the fibers' 

sizes, increasing the final product's surface area. The 

swelling capacity of the isolated RFi-MCC could also 

be enhanced through modification of the surface 

hydroxyl groups by introducing groups such as 

carboxymethyl to form carboxymethyl cellulose. RFi-
MCC powder obtained conformed well with USP 

specifications and British Pharmacopeial. RFi is a 

possible low-cost source of cellulose, microcrystalline, 

and reinforcing materials that can be used in the direct 

manufacturing of industrial products and other 

pharmaceutical applications. 
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